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PHOTOVOLTAIC DEVICE WITH INCREASED LIGHT 
ABSORPTION AND METHOD FOR ITS MANUFACTURE 

Rights Under Government Contract 

The Government of the United States of America 
has rights in this invention pursuant to subcontract No, 
ZM-1-19033-2 awarded by the U.S. Department of Energy. 

5 Field of the Invention 

This invention relates generally to photovoltaic 
devices and, more specifically, to photovoltaic devices 
with increased efficiency resultant from an increase in 
absorption of light incident thereon. 

ILO Background of the Invention 

In a photovoltaic device it is important to 
maximize the absorption of light by preventing light 
incident on the photovoltaic device from being reflected 
away from the photovoltaic device prior to being absorbed 

15 therein. Such reflectance can occur either upon initial 
incidence of the light onto the outer photovoltaic cell 
surface or after an initial pass through the photovoltaic 
device. In either event, light energy which reflects 
outwardly away from the cell is unused and therefore 
20 detracts from overall efficiency of the photovoltaic cell. 

It is clearly desirable to minimize reflection 
from the top surface of the. devices as much as . possible. 
Anti-reflective coatings, which comprise transparent layers 
of varying thicknesses have been used in optical devices 
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for some time to increase the overall absorption of light 
at a particular wavelength- Such layers are of precise 
composition and thickness and hence are difficult and 
expensive to fabricate. Also, anti-reflective coatings 
5 operate optimally at particular wavelengths and are not 
operative to decrease the reflection of broad band 

illumination. 

Another approach to decreasing reflection 
comprises affixing a series of light redirecting elements 
10 to the upper surface of a cell- Their use necessitates 
alignment and affixation steps and is generally not 
compatible with the large scale production of low cost, 

thin film devices. 

In accord with another embodiment of the present 
15 invention, a series of light redirecting elements may be 
directly embossed into the front surface of a photovoltaic 
device so as to increase , the light absorbed thereby in a 
process integral with device manufacture. 

The method of the present invention may be 
20 adapted for the manufacture of single cells as well as . for 
the manufacture of modules comprised of interconnected 
cells. These and other advantages of the present invention 
will be readily apparent from the drawings, discussion and 
description which follow. 

25 Summary of the I nvention 

There is disclosed herein a method of 
manufacturing a photovoltaic device having increased 
absorption of light incident thereon. The method includes 
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the steps of providing a photovoltaic cell which includes 
a bottom electrode layer, a photovoltaic body disposed atop 
the bottom electrode layer and a top electrode layer 
disposed atop the photovoltaic body. The method further 
5 includes the steps of disposing a layer of embossable, 
transparent , organic , polymeric , encapsulating material 
directly atop the top electrode layer, providing an 
embossing die which includes a plurality of groove forming 
elements disposed in a pattern thereon, and aligning the 
10 die with the photovoltaic cell so that the elements are in 
contact with the layer of encapsulating material and 
adapted to form a pattern of light directing grooves over 
substantially all of the active area of the .cell. The 
method further includes the steps of compressing the 
15 embossing die and photovoltaic cell so as to emboss a 
pattern into the encapsulant layer covering substantially 
all of the active area of the cell and the final step of 
removing the embossing die. In this manner, there is 
provided a photovoltaic cell having a pattern formed 
20 integrally with the encapsulating layer. The pattern is 
operable to direct incident illumination so as to increase 
internal absorption thereof. 

In particular embodiments, the pattern forming 
elements on the embossing die are configured as a plurality 
25 of groove-forming elements arranged substantially parallel 
to one another- In another embodiment, the substantially 
parallel groove forming elements are arranged adjacent one 
another so as to form a substantially continuous pattern of 
parallel grooves in the encapsulating material. This 
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minimizes and, more preferably eliminates, surfaces of the 
encapsulating material Which are oriented parallel to the 
underlying electrode layers and maximizes light absorption 
as will be described hereinbelow'. One or more of these 
5 grooves may be aligned with underlying current collecting 
grid structures to minimize gridline shading; however, each 
groove need not have an associated grid element. 

In particular embodiments, the transparent 
embossable layer is a layer of synthetic organic polymer 
10 material such as ethylene vinyl acetate, 
polytetrafluoroethylene, polyvinyl fluoride, polyvinyl 
acetate, polystyrene, polyurethane and combinations 
thereof. In other particular embodiments, a two step 
process is carried out wherein the cell and encapsulant are 
15 first laminated to provide a self-supporting structure 
which is subsequently embossed . (and optionally cross- 
linked) in a second step. In some embodiments, the 
embossing die is heated and compression is carried out at 
pressures of approximately one atmosphere. In a particular 
20 embodiment, the layer of transparent polymeric material is 
a layer of thermally cross-linkable material and it becomes 
hardened while the groove is embossed. 

The method of the present invention may be 
adapted to the manufacture of large area modules comprised 
25 of a plurality of interconnected cells and includes the 
initial step of disposing a plurality of photovoltaic- cells 
onto a support member and encapsulating those cells with a 
layer of transparent encapsulant material. The method 
includes a further step of providing a plurality of 
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embossing dies, each including a plurality of pattern- 
forming elements, as well as the steps of aligning the dies 
with corresponding photovoltaic cells and compressing the 
dies and cells. Alignment may be accomplished by punching 
5 alignment holes into the support portion of the module and 
providing the dies with pins configured to . fit in the 
holes. In this manner, the dies may be aligned properly 
with regard to individual strip cells thereby eliminating 
problems resulting from slight misalignment between 
10 individual cells. 

The present invention further includes an 
improved photovoltaic cell manufactured according to the 
method and including an optical element formed integral 
with the encapsulant layer. 

15 Brief Description of the Drawings 

FIGURE 1 is a cross-sectional view of a portion 
of a photovoltaic cell of the prior art illustrating the 
problem of gridline shading; 

FIGURE 2 is a cross section of a portion of a 
20 photovoltaic cell configured in accordance with the 
principles of the present invention and illustrating the 
manner in which the present invention operates to minimize 
gridline shading; 

FIGURE 3 is a cross-sectional view of one 
25 embossing die which may be utilized in the practice of the 
present invention; 
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FIGURE 4 is a top plan view of a large area 
photovoltaic module structured in accordance with the 
principles of the present invention; 

FIGURE 5 is a top plan view of an embossing die 
5 of the type utilized to manufacture the module of FIGURE 4; 

FIGURE 6 is a cross-sectional view of a portion 
of a photovoltaic cell illustrating another configuration 
of a" groove employed in accordance with the present 
invention; 

10 FIGURE 7A is a cross-sectional view of a 

photovoltaic cell illustrating one particular configuration 
of a groove structured in accordance with the present 
invention; 

FIGURE 7B is a cross-sectional view of the cell 
15 of FIGURE 7A, illuminated at an oblique angle; 

FIGURE S is a cross-sectional view of a portion 
of a photovoltaic cell illustrating another configuration 
in accordance with the present invention which maximizes 
internal light absorption; and 
2 0 FIGURE 9 is a cross-sectional view of another 

embossing die which may be used in the practice of the 
present invention configured as shown in Figure 8. 

Dstajl^d Desrrri ption n-f* the Invention 

Referring now to Figure 1, there is shown -a 
25 cross-sectional view of a portion of a photovoltaic cell of 
the prior art illustrating the problem of gridline shading. 
The cell includes a substrate lQ r which in this instance is 
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a metallic substrate which also functions as a bottom 
electrode layer. Disposed immediately atop the 

electrically-conductive substrate 10 is a body of 
photovoltaic material 12 and immediately thereatop on the 
5 light incident side of the photovoltaic body 12, is a top 
electrode layer 14. The top electrode layer 14 is most 
preferably fabricated from a transparent material so as to 
permit passage of light therethrough. Associated with the 
top electrode layer 14 is a gridline 16 which operates to 
10 collect current from the top electrode layer 14 and carry 
it to a bus bar or other terminal . The top, i.e. light 
incident, surface of the photovoltaic device is protected 
by a layer of transparent, encapsulant material 18. 

There are a great variety of materials which may 
15 be utilized to manufacture the photovoltaic devices of the 
present invention. The bottom electrode layer is 

fabricated from an electrically-conductive material and as 
noted hereinabove, may also function as a support substrate 
for the device. Toward that end, one preferred material is 
2 0 stainless steel of approximately 8 mils thickness. Other 
substrates include electrically-insulating materials such 
as polymeric bodies, glass or ceramics and, in such 
instances , the electrode layer will be deposited thereatop. 
The photovoltaic body 12, as is well known to those of 
25 skill in the art, operates to absorb incident photons and 
to generate electron-hole pairs in response thereto, and 
to separate the members of these pairs and direct them to 
the respective electrodes 10,14 of the cell. There r are a 
great variety of photovoltaic materials known to those of 
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skill in the art and the present invention is not limited 
to any one such material. among some of the preferred 
materials are the thin film materials such as the 
fluorinated silicon and germanium alloys referred to 
5 hereinabove as well as cadmium telluride, gallium arsenide, 
copper indium- diselenide, single crystal silicon and the 
like. in one particularly preferred embodiment, the 
photovoltaic body comprises at least one triad of silicon 
alloy material which includes a layer of intrinsic material 

10 12a interposed between N-type 12b and P-type 12c alloy 
materials. In one preferred embodiment,, at least one of 
the N-type 12b and P-type layers 12c is a microcrystalline 
layer, preferably the layer proximate the light incident 
side of the photovoltaic device. In some instances, a 

15 number of triads of N-I-P Cor P-I-N) type materials are 
stacked one atop another to provide for enhanced efficiency 

and. sensitivity. 

The top electrode layer 14, as noted hereinabove, 
is preferably a transparent body and there are available a 

20 number of highly degenerate semiconductors such as indium- 
tin oxide and the like which " may be employed as top 
electrode layers. The layer of encapsulant material 18 
protects the components of the photovoltaic cell from the 
ambient environment and from mechanical damage., The 

25 encapsulant layer ia is preferably fabricated from a 
material which is highly transparent and inert. organic 
polymers comprise the most preferred materials for this 
layer and ethylene vinyl acetate (EVA,) is one particularly 
preferred material. Cross-linkable ethylene vinyl acetate 
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having particular utility in the present invention is sold 
by the Du Pont de Nemours, E.I. & Company. Other 
preferred materials include fluorocarbon polymers, 
polyurethane, polystyrene, and polyvinyl acetate as well as 
5 various silicon compounds. In some instances, a bi-layered 
structure of f luoropolymer/EVA is employed. 

Figure 1 illustrates the manner in which prior 
art photovoltaic cells suffered from problems of gridline 
shading. As will be noted, a photon flux 20 is shown as 
10 incident upon the device. Those photons which strike the 
gridline 16 are absorbed, or in some instances reflected, 
and hence not available to penetrate the photovoltaic body 
and generate charge carriers. These photons effectively 
represent a loss in the efficiency of the cell. 
15 Referring now to Figure 2 , there is shown a 

photovoltaic device generally similar to that of Figure 1, 
but including the improvement of the present invention 
which comprises a transparent encapsulating layer 18 1 
configured to include an integral optical element in a form 
20 of a groove disposed in the region of the gridline 16. The 
particularly configured transparent encapsulant layer 18 1 
operates to diffract incident light 2 0 away from the 
gridline 16 and into the photovoltaic body 12. In this 
manner, shading losses occasioned by the presence of the 
25 gridlines 16 are minimized. As a consequence, gridlines 
may be made wider and hence longer and the cell size may be 
greatly increased. Since the light- 

directing optical element of the. present invention is 
provided integral with the transparent encapsulating layer 
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18*, problems attendant upon the alignment and adherence of 
a separate optical element are eliminated. In accordance 
with the principles of the present invention, the grooved 
optical element is formed in the layer only after the 
5 encapsulation of the photovoltaic cell, and problems 
occasioned by the misalignment and/or detachment of a 
separate optical element are eliminated. 

lii the most preferred embodiment of the present 
invention, the grooved optical element is formed in the 

10 transparent encapsulating layer by an embossing process 
employing a die generally similar to that depicted to that 
in cross section in Figure 3. The die 22 of Figure 3 is 
preferably fabricated from a metal, ceramic or similar 
durable material having good heat transfer characteristics 

15 and includes a number of groove-forming projections 24 upon 
the face thereof. The spacing between adjoining groove- 
forming portions is selected to correspond to the spacing 
between . grid fingers in a given configuration of 
photovoltaic device. 

20 in accordance with the method of the present 

invention, a photovoltaic cell is first provided with a top 
encapsulant layer, such as the polymeric layer 18 described 
with reference to Figure 1. This layer is affixed by a 
laminating process carried out a moderate temperature so as 

25 to "avoid cross-! inking the encapsulant. The structure thus 
produced is. sufficiently rigid to withstand subsequent 
handling and processing. In the second step, an embossing 
die generally similar to that of Figure 3 is. aligned with 
the photovoltaic cell so that the groove-forming portions 
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24 thereof are aligned substantially with the grid fingers. 
At that time, the die 22 and cell are compressed so as to 
emboss the groove pattern into the transparent layer to 
produce a structure,, similar to layer 18 1 of Figure 2. The 
5 process may be facilitated by heating of the embossing die 
22. In general, any combination of parameters which will 
produce a relatively permanent deformation of the 
encapsulating layer may be employed. However, it has been 
found most preferable in accord with the present invention 
10 to utilize an encapsulant material which is cross-linkable, 
i.e. a material which cross links and hardens at elevated 
• temperatures to provide a permanent structure* The 
aforementioned EVA polymer fulfills these criteria since it 
initially softens at a temperature of approximately 60°C- 
15- and subsequently cross links to form a hard layer at a 
temperature of approximately 140 °C. These properties allow 
the groove- forming elements to initially penetrate and 
shape the layer, and subsequently harden it to cause it to 
"~ retain its shape and the optical characteristics produced 
2 0 thereby. In a typical process employing an EVA layer, the 
die is heated to approximately 150 °C and a pressure of one 
atmosphere is maintained on the die for approximately 3 0 
minutes* In some instances, the initial lamination and the 
embossing may be carried out in a one-step concerted 
25 process. _ It is frequently 

desirable to interconnect smaller area photovoltaic cells 
into a large area module so as to provide an increased 
voltage and/or power-producing capability. The present 
invention may be readily adapted for use in connection with 
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the production of large area modules. Referring now to 
Figure 4, there is shown a large area photovoltaic module 
3 0 comprised of four individual photovoltaic cells 
32,34,36,38 disposed upon a support substrate 40. The 
5 individual cells 32, 34 , 36, 38 each include a plurality of 
gridlines 16 formed thereupon. Each gridline is in 
electrical communication with a bus bar 42 disposed on the 
periphery of the cell. The individual cells 32,34,36,38 of 
the module 30 of Figure 4 are interconnected in a series 

10 relationship by means of electrically-conductive jumpers 44 
interconnecting the bus bars 42 of a first cell with the 
bottom electrode of an adjacent cell. The module further 
includes a pair of output terminals 46,48 electrically 

- connected to the bus bar 42 of cell 38 and to the bottom 

15 electrode of cell 32. At this stage, the individual cells 
are laminated into a single large-area device as noted 
above, by moderate heat and compression (typically 60 °C 
when EVA is the laminant) . It will be noted from the 
figure that the individual cells 32,34,36,38 are not all 

20 evenly aligned on the substrate 40. The present invention 
provides for a method of embossing the groove pattern into 
the cells without regard to any alignment requirements 
between the various cells and thereby simplifies module 
manufacture. It will be noted from the figure that each of 

25 the cells 32,34,36,38 has four alignment holes 
50a,50b,50c,50d associated therewith. After the initial 
lamination, these holes are punched through the substrate 
40 and are oriented with regard to the orientation of the 
individual cell and serve as alignment guides for placement 
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of the embossing die. Punching of the alignment holes 50, 
may be accomplished by the use of a template having indicia 
which aire aligned with the grid pattern or other feature of 
the cell and which serve to properly position the punches. 
5 Referring now to Figure 5 there is shown a top 

plan view of an embossing die 52 generally similar to that 
illustrated in Figure 3 but further including four 
alignment pins 54 thereupon. These pins, when placed into 
the corresponding pin holes in the module, serve to align 
10 the groove -forming elements 24 of the die 52 with the 
gridlines 16. When the module is to be completed, 

individual dies are placed in registry with each cell 
through the use of the alignment pins 54 and the entire 
assembly is compressed, preferably with heating, to effect 
15 groove formation . 

While the foregoing figures depicted the grooves 
as being straight-sided grooves having, flattened areas 
therebetween, the present invention may be practiced with 
other groove structures. For example. Figure 6 depicts a 
2 0 curved groove structure having rounded, lenticular portions 
€0 between adjoining grid fingers 16. Many other 
variations will be readily apparent to one of skill in the 
art. For example, by selecting the width and angle of the 
grooves, the acceptance of illumination may be varied to 
25 account for seasonal variations in the direction of 
insolation. Wider grooves will tend to gather more light; 
however, a groove which is too wide can cause redirection 
of light onto adjoining grid fingers. One of skill in the 
art could readily control the parameters of finger spacing 
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^ 4-0 achieve a minimization of 

and groove shapes so as to acnxeve 

shading and a maximization of power output. 

Figures 7A and 7B illustrate one particular 
configuration of groove width and angle as optimized to 
5 accommodate the varying angles of insolation. Figure 7A 
depicts one particular configuration of photovoltaic device 
structured in accordance with the principles of the present 
invention. The device of Figure 7A includes a top 
encapsulating layer IS. generally similar to those 

10 previously described and being approximately 0.95 
millimeters in thickness. The device further includes a 
gridline 16 which is 0.3 millimeters in width. The groove 
formed in the encapsulant layer forms an angle «A« of 
approximately 42" with the perpendicular bisector of the 

15 groove indicated by the dashed line. The. width of the 
groove as measured across the top of the layer 18 is 
approximately 0.8 millimeters. 

As illustrated in Figure 7A, a flux of light 20 
is incident upon the device in a direction perpendicular to 

20 the top surface of the device. As will be noted, the light 
is directed away from the gridline 16. Figure 7B is a 
depiction of the same photovoltaic device having light flux 
20 incident at an angle of approximately 70" (20 • off the 
perpendicular) to the surface thereof. It will be noted 

25 that the particular configuration of groove still functions 
to greatly minimize shading. Only a small portion of the 
light is actually incident upon the gridline 16. 

The particular angle and width of a groove will 
depend upon the thickness of the underlying layer and the 
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width of the gridline. Calculation of groove configuration 
may be readily undertaken by one of skill in the art 
employing basic principles of optics. clearly, 
configurations other than those shown herein will be 
5 readily apparent to one of skill in the art in view of the 
drawings, discussion and description which are included 
herein . 

As mentioned hereinabove, it is highly desirable 
to minimize reflection of light from the photovoltaic 

10 device. In accord with another aspect of the present 
invention, a pattern is provided which is integral with the 
encapsulating layer and which functions to increase light 
absorptions by the device. 

Figure 8 depicts a cross-section of a portion of 

15 a cell having a plurality of adjacent grooves formed in- the 
encapsulating layer 18 f . A single light beam 70 (shown in 
dashed lines) from a photon flux is depicted to describe 
the enhanced light absorbing characteristics of this 
embodiment. As beam 70 strikes the cell, it is divided - 

2 0 into a refracted portion 72 (shown in double dotted lines) 
and a reflected portion 74 (shown in fine dashed lines) . 
It has been found that approximately 95% of the light ray 
incident on the angled surface of the groove is refracted 
and approximately 5% is reflected. The reflected ray 74 

25 would normally be lost if incident on a planar surface; 
however, in the present invention it is directed at the 
opposite surface of the groove and, again, approximately 
95% of this ray portion 74 is subsequently refracted 74a. 
Only a. relatively small percentage of the original beam 
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(less than 1%) is reflected a. second time as shown by beam 
74b which is lost. in this manner, substantially all of 
the light beam 70 incident on the cell is refracted into 
the cell for energy conversion purposes. 
5 While the foregoing figures depicted each of the 

grooves as being positioned relative a grid, structure, the 
embodiment of the present invention depicted in Figure 8 
shows grooves not specifically related* to grid structures. 
By providing a plurality of adjacent grooves, not only 
20 relative to grid structure, but substantially continuously 
over the surface of the cell, the efficiency of the cell is 
enhanced by minimizing flat surfaces generally 
perpendicular to the incoming light rays and thereby 
minimizing loss due -to initial reflectance as previously 
15 described. By minimizing, and most preferably eliminating, 
surfaces over the active body of the cell which are 
parallel to the underlying components, portions of light 
rays which otherwise would have been reflected and lost are 
redirected toward another groove surface and subsequently 
20 refracted into the cell. Such a plurality of .adjacent 
grooves can be formed as previously described using an 
embossing die 22 having adjacent groove forming portions 24 
of a cross-section similar to that of Figure 9 . 

The grooved structure of the present invention 
25 also functions to internally contain the absorbed portion 
of light ray TO. As shown relative to initially refracted 
portion 72, a portion 72a is reflected off of the back 
reflective electrode 10 for an additional pass through the 
cell. By having the surface composed of angled sections 
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any light energy remaining after the first two passes 
through the cell is again redirected therethrough. For 
example, the remaining ray may be twice reflected off of 
the angled surfaces with minimal refracted loss to form 
5 portion 72b. Further, after the initial reflectance of the 
light ray of an angled groove surface, any portion which is 
refracted 72c is redirected toward an adjacent angled 
groove surface through an angled groove surface and 
thereafter subsequently refracted 72d into the cell. This 

10 internal containment occurs also with any light entering 
the cell, such as that entering from the initially 
reflected portion 74. Although cells are generally 
configured to utilize a substantial portion of the light 
energy incident thereon, in the initial two passes (such as 

15 72 and 72a) , this internal containment further contributes 
to cell efficiency by preventing the loss of otherwise 
unused "excess" light energy incident thereon. 

Various patterns of grooves may be. used, such as 
those having regular or irregular patterns, . including 

2 0 intermittent flat surfaces necessitated by the 
manufacturing process. Curved or planar grooved surfaces 
may also be used. Further, while the foregoing figures 
disclose a series of parallel grooves, it is envisioned 
that various series of grooves, such as concentric circular 

25 grooves, may be used equally advantageously in the present 
invention. Likewise, multiple series of grooves, such as 
overlapping pluralities of parallel grooves forming 
crossing patterns in the encapsulating material, may be 
"used, as well. 
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The foregoing are illustrative of particular 
embodiments of the present invention and are not 
limitations upon the practice thereof. It is the fallowing 
claims, including all equivalents, which define the scope 
5 of tlie invention ~ 

We now claim: 
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1 . A method of manufacturing a photovoltaic 
device having increased internal absorption of light 
incident thereon, said method comprising the steps of: 
5 providing a photovoltaic cell, said cell 

including a bottom electrode layer, a photovoltaic body 
disposed atop the bottom electrode layer, and a top 
electrode layer disposed atop the photovoltaic body; 

disposing a layer of embossable, transparent,. 
10 organic, polymeric, encapsulating material directly atop 
the top electrode layer; 

providing an embossing die, said die including a • 
plurality of groove forming elements disposed in a pattern 
upon the surface of said die; 
15 aligning the embossing die with the photovoltaic - 

cell so that the groove forming elements thereof are in 
contact with the layer of polymeric encapsulating material 
and disposed to form a pattern of light directing grooves : 
over substantially all of the active area of the cell; 
2 0 compressing the embossing die and photovoltaic 

cell so as to emboss a pattern into the layer of 
encapsulating material; and 

removing the embossing die, whereby there is 
provided a photovoltaic cell having a pattern integral with 
25 the encapsulant layer, said pattern covering substantially 
3 all of the active area of the cell and operable to direct 

light incident thereon so as to increase the absorption 
thereof* 
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2. A method as in claim 1, wherein the step of 
disposing a layer of encapsulating material atop the top 
electrode layer includes the further step of laminating 
said layer to the top electrode layer and wherein the steps 

5 of aligning and Compressing are carried out after said 
laminating step. 

3. A method as in claim l,. wherein the step of 
disposing said layer of organic polymeric material includes 

10. a further step of selecting said material from the group 
consisting of ethylene vinyl acetate, 
polytetrafluoroethylene, polyvinyl fluoride, polyvinyl 
acetate, polystyrene, polyurethane, and combinations 
thereof . * 
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4. A method as in claim 1, wherein said 
polymeric material is a thermally cross^linkable material. 

5. A method as in claim X, including the further 
step of heating said embossing die. 

6. A method as in claim 1, wherein said step of 
providing an embossing die having a plurality of groove 
forming elements comprises the step of providing an 
embossing die having a plurality of groove forming elements 
disposed substantially parallel to one another. 
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7. A method as in claim 1, wherein said step of 
providing an embossing die comprises the step " of .providing 
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an embossing die having a plurality of groove forming 
elements disposed adjacent one another and configured to 
form a substantially continuous pattern of grooves in the 
encapsulant layer, yhich pattern is devoid of regions which 
5 are plane parallel with the underlying photoactive cell. 

8. A method as in claim 1, wherein 

said step of providing a photovoltaic cell 
further includes the step of providing a photovoltaic cell 
having an electrically conductive current collecting system 
10 of grid elements in electrical communication with said top 
electrode layer; and 

said step of aligning said die comprises the step 
of aligning at least one of said groove forming elements in 
registry with a portion of the underlying grid system in 
15 said cells. 

9. A method of manufacturing a large area 
photovoltaic module, said method comprising the steps of: 

providing a plurality of photovoltaic ceils, each 

cell including a bottom electrode, a photovoltaic body 
20 disposed in electrical communication with the bottom 

electrode, and a top electrode disposed atop the 

photovoltaic body; 

disposing said plurality of cells on a support 

member in an electrically interconnected relationship; 
25 disposing a layer of transparent, organic, 

polymeric, encapsulant material directly atop the top 

electrode of each of the photovoltaic cells; 
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laminating- said encapstilant material onto said 
cells so as to provide , a self-supporting assembly; 

providing a plurality of embossing dies, each die 
including a plurality of groove forming elements; 
5 aligning each of said plurality of dies with a 

corresponding one of said" photovoltaic cells so that the 
pattern-forming elements thereof are in proximity to the 
encapsulant material and disposed to form a pattern of 
light directing grooves over substantially all of the 
10 active area of each cellf and- 

compressing said dies and laminated assembly of 
photovoltaic cells whereby said dies form a pattern in the 
transparent encapsulating layer of each cell so as to 
provide a light-directing optical element integral with 
15 said layer of encapsulant material covering substantially 
all of the active area of each cell and operable to 
increase internal light; absorption therein. 

10. A method as in claim 9, wherein the step of 
aligning each of said dies with a corresponding one of said 

20 cells comprises: 

providing alignment pins on each of said 

plurality of dies; 

providing corresponding alignment pin holes in 

said support member; and 
25 placing said alignment pins in the said alignment 

pin holes. 
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11. A method as in claim 9, wherein the step of 
providing a layer of transparent, encapsulant material 
comprises selecting said material from the group consisting 
of: ethylene vinyl acetate, poly tetraf luoroethylene , 

5 polyvinyl fluoride, polyurethane and combinations thereof. 

12. A method as in claim 9, including the 
further step of heating said plurality of dies. 

13. A method as in claim 9, wherein the step of 
providing a plurality of embossing dies comprises the step 

10 of providing a plurality of embossing dies, each die 
including a plurality of substantially parallel groove 
forming elements. 

14. A method as in claim 13, wherein 

said step of providing a photovoltaic cell 
15 further includes the step of providing a photovoltaic cell 
having an electrically conductive current collecting system 
of grid elements in electrical communication with said top 
electrode layer; and 

said step of aligning said die comprises the step 
2 0 of aligning at least one of said groove forming elements in 
registry with a portion of the underlying grid system in 
said cells. . 

15. A photovoltaic cell having decreased 
■ shading, said cell comprising: 

25 a layer of bottom electrode material; 
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a photovoltaic body disposed upon said layer of 

bottom electrode material 7 

a layer of top electrode material disposed upon 
said photovoltaic body in a spaced apart relationship with 
5 said layer of bottom electrode material so that the 
photovoltaic body is sandwiched therebetween; and 

a layer of transparent, electrically insulating 
synthetic organic polymeric encapsulating material disposed 
directly upon said top electrode material so as to 

10 substantially cover the top electrode, said encapsulating 
layer having a pattern of grooves formed integrally 
therein, said pattern covering substantially all of the 
active area of the cell and operative to direct light 
incident thereon so that an increased amount of said light 

15 is absorbed within said photovoltaic cell as compared to 
photovoltaic cells without said encapsulating layer. 

16. A photovoltaic cell as in claim 15, wherein 
said pattern in said encapsulating layer comprises a 
plurality of substantially parallel grooves. 
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17 . A photovoltaic cell as in claim 15, wherein 
said grooves are disposed adjacent one another to form a 
substantially continuous pattern of grooves devoid of 
regions which are plane parallel to the underlying 
photoactive cell. 
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